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In the processing of reactive metal films, which are used for hydrogen storage, considerable damage to the surfaces of these films occurs due to gaseous contaminants. One of the major contaminants encountered in the vacuum environment where these films are deposited and hydrided is water vapor.
It has been reported previously that oxidation damage occurs during hydriding thin films of erbium." 2 This damage is attributed to water vapor. More recently, two articles 3" 4 have suggested that lanthanide thin films preferentially form the hydride when reacted with water vapor under specific conditions. The purpose of this paper is to describe specifically the interaction of water vapor with erbium and erbium dideuteride thin films which have been exposed to atmospheric conditions. Such exposure is typical in hydrogen storage applications.
The samples were prepared by vacuum depositing erbium onto molybdenum foils. Electron beam deposition techniques were used for film preparation. The areal density of the films ranged between 0.4 and 0.6 mg/cm ~.
The thin films of erbium dideuteride were prepared by vacuum depositing erbium onto molybdenum substrates and then immediately backfilling the vacuum system with purified deuterium gas (99.99%) to a pressure of 6.65 x 102 Pa (133.3 Pa = 1 Torr) while holding the film temperature at 648°K to form the dideuteride of erbium.5, Specimens used for this study were punched out in 6.35 mm diameters from a common sample to provide necessary control specimens.
The reaction vessel was co.nstructed of a quartz combustion tube heated by an external heater. The temperature was monitored by a Chromel-Alumel thermocouple. Water vapor was supplied to the reaction vessel by bubbling argon gas through the water using a gas diffuser. The reaction vessel was purged for 15 minutes to ensure that the gaseous environment consisted only of argon and water vapor. Under these conditions, the pressure of water vapor is estimated to be 2660 Pa. All
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Volume 31, Number 2, 1977 reactions were run for a total of 2 h. After the reaction with water vapor, the films were analyzed by x-ray diffraction to determine the phases present (i.e., metal, oxide, hydride). The specimens were then analyzed by mass spectrometry to determine the quantity of hydrogen (1H) taken up by the films as a result of the reaction with water vapor. The hydride of erbium can be thermally decomposed, whereas the oxide cannot.
The Auger spectrometer used in this study was a single-pass cylindrical mirror analyzer operated at 3.0 KeV, 30 t~A sample current, with 5 V peak-to-peak modulation. The instrument was manufactured by Physical Electronics Industries.
The mass spectrometer used in this study was a Du-Pont model 21-104 with a mass resolution of 1300 as expressed by re~Am.
The diffractometer used in this study was a General Electric XRD-6 employing a copper target.
The susceptibility of erbium to reaction with water vapor was established by determining the quantity of hydrogen (1H) taken up by the film. These data were obtained by thermal decomposition of the hydride using mass spectrometry and are summarized in Table I . The data reported are corrected by analyzing individual controls, and the net hydrogen uptake is given. As evidenced by the data, no significant reaction with water vapor takes place with the erbium films before 573°K. This is apparent from both the x-ray diffraction and mass spectrometer data. Normal x-ray diffraction detection limits are 5% of the quantity present, or in this case, approximately 0.025 mg/cm 2. Fig. 1 (a plot of micromoles of hydrogen uptake vs reaction temperature) further shows the critical temperature to be 573°K for the reaction of erbium with water vapor. The decrease of hydrogen in the film above 698°K is due to the equilibrium vapor pressure of the hydride. ' The critical temperature can be explained by the change in the surface composition as a function of temperature as determined by Auger electron spectroscopy as shown in Fig. 2 . These data give the oxygen/erbium ratio as determined by the intensities of the oxygen and erbium Auger signals as a function of temperature. These films were heated in situ in the Auger vacuum system while following the change in surface composition. At the point of oxygen depletion (573°K) the film is activated and susceptible to reaction. Reactive gases, such as water vapor, hydrogen, and oxygen 2 will readily be taken up at this point.
A limited number of experiments were also conducted with films of ErD2. These were placed in the reaction vessel along with nonhydrided erbium films. These data are given in Table II . The data indicate that at 698°K significant reaction with water vapor takes place. It is also apparent that significant isotopic displacement of deuterium by hydrogen through reaction with the water vapor has resulted. This is evidenced by the fact that the nonhydrided erbium film shows detectable quantities of deuterium after the reaction. The mole balance between the deuterium lost and the hydrogen (1H) gained is essentially in a 1:1 ratio.
The conclusions of this study are: (1) 573°K is critical with regard to erbium reaction with water vapor; (2) both the hydride and oxide form above 573°K even T A B L E I. Summary of water vapor reaction with erbium.
Sample
Reaction temp e r a t u r e (°K) H2 (~mol)  XRD results   1  423  0.003  ND"  2  523  0.017  ND  3  573  0.023  ND  4 623 0.055 Oxide a n d hydride 5 663 0.194 Oxide a n d hydride 6 698 0.443 Oxide a n d hydride 7 783 0.404 Oxide a n d hydride 8 853 0.247 Oxide and hydride " ND = not detected w i t h i n the limits of XRD (5%). I  I  I  I  I  I  I  I  I  373  473  573  6173  773  873 I  I  I  I  I  I  I   973 though the oxide is thermodynamically more stable; and (3) in cases where erbium is used for hydrogen storage and undergoes thermal cycles, water vapor could be extremely damaging. The determination of sulfate in potable water is normally accomplished by its precipitation with an excess of barium ion followed by measuring the turbidity of the suspended precipitate, gravimetry, or, as more recently advocated, flame atomic absorption (AA) measurement of nonprecipitated barium. 1, 2 We undertook to adapt the constant temperature Woodriff atomic absorption furnace for this very common analysis. Direct sulfur determination is not routinely performed by flame or nonflame atomic absorption because of difficulties associated with the use of the far-uv resonance lines of that element. Therefore, efforts were directed at precipitation of the sulfate with a metal ion followed by determination of the metal retained on a porous graphite filter after washing offof excess precipitant. It was discovered that nonresonance atomic absorption of the lead in a lead sulfate precipitate served the purpose.
Sulfate Determination in Natural Waters by Nonresonance Line
The Woodriff furnace used for this research was similar to that described in our earlier paper 3 concerned with the use of nonresonance line atomic absorption for lead determination, but had one important difference. It was modified so that the sample cups were introduced
